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Abstract

In today’s world, where the effects of climate change can be easily monitored, determining the resilience of cities and
regions against climate crisis is a fundamental research area in terms of planning approaches. While producing spatial
planning decisions, the effects of climate change should be analyzed in terms of time and integrated into the process. While
the research reveals the change of spatial bioclimatic comfort zones according to climate change scenarios, it criticizes the
position of planning practice within the framework of planning theory and a comprehensive planning approach. The research
is carried out on the scale of the Western Mediterranean basin, one of the hot climate regions of Tiirkiye. The change between
2020 and 2100 is spatially revealed via the climate change scenarios. SSP 245 and SSP 585 are selected for this purpose.
Discomfort Index (DI) and Effective Temperature-Taking Wind Velocity (ETv) techniques were used to classify bioclimatic
comfort zones. As a result of the research, while the most common (20%) areas are between 16 and 18 °C, the most common
temperature range rises to between 25% and 22-24 °C, according to SSP 585. According to DI simulations, 43% of the area
is comfortable, and 38% is in cold areas. According to SSP 245, in 2100 forecasts, cold areas decrease to 9%, and hot areas
that were not previously present occupy 13%. According to SSP 585, on the other hand, cold areas decrease to 2%, while
hot areas reach 41%. With a more optimistic approach, the ETv index changes from a character dominated by slightly cool
areas (35%) to mild (43%) and comfortable (26%) areas compared to SSP 585. However, some warm (7%) and quite hot
(1%) areas do not exist. The increase in hot areas in the country, including coastal settlements with high tourism potential, is
striking. While the research reveals the change of spatial bioclimatic comfort zones according to climate change scenarios, it
criticizes the position of planning practice within the framework of planning theory and a comprehensive planning approach.
Today, the position of spatial planning decisions based on long-term decisions in the country’s legislation is discussed in
the context of the climate crisis.
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Introduction

Globally, governments and societies are tackling vital chal-
lenges accelerated by intense human activities, such as air
pollution (Kumar and Pande 2023; Sulhan et al. 2023;
Zhang et al. 2023), traffic (Su et al. 2022), social problems
(Xiao et al. 2022), and climate change (He et al. 2022).
Climate parameter changes are one of the biggest trans-
national problems that countries are struggling with today
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(Melidis and Russel 2020; Cifuentes-Faura 2022). In the
20-year period up to 2020, the global surface temperature
increased by 0.99 °C compared to the 50-year period up to
1900 (Masson-Delmotte et al. 2021; Nita et al. 2022). The
direct and indirect effects of the problems have been a con-
siderable concern worldwide (Isinkaralar 2022; Kumar and
Pande 2023). The global order formed by the interaction
of complex systems encompasses several features, such as
the diversity of possibility spaces and the butterfly effect
(Renn and Lucas 2022; Isinkaralar and Varol 2023). As
a complex system, cities do not show linear development
and have a self-organizing feature. Many studies highlight
the complex relationships in various dynamics and urban
growth by emphasizing the nonlinear nature of urban pro-
cesses (Sohail et al. 2021; Shu et al. 2021; Isinkaralar et al.
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2022; Wang 2022). However, it may be subject to certain
losses until it reaches equilibrium against possible shocks,
extreme events, and fluctuations. The stance of urban plan-
ning against economic and vital risks is an essential area of
theoretical discussion. Considering the risks arising from
the impact of climate change, today’s urban infrastructure
should be re-evaluated, and risk profiles should be analyzed
in terms of urban management (Castan Broto and Robin
2021; Twinomuhangi et al. 2021).

The Intergovernmental Panel on Climate Change (IPCC)
offers many quantitative ideas about current processes
(Wardekker and Lorenz 2019). Governments must foresee
the possibilities of the climate crisis, such as high tempera-
tures, excessive precipitation, drought, floods, storm waves/
coastal floods, sea level rise, and environmental health risks
(Hazra et al. 2022). Traditional location theory, planning
theory, and comprehensive planning do not have a defense
mechanism against unexpected events (Ramyar et al. 2021).
The primary purpose of city planning is to make cities more
livable in many dimensions (Nicolas et al. 2021; Yi et al.
2021; Browning et al. 2022; Kang et al. 2022; Mouratidis
and Yiannakou 2022). However, the long-term targets and
development decisions produced while doing this do not
offer flexibility against the dynamics brought by climate risk.
Floods and forest fires occur in many regions worldwide
(Grigorieva and Livenets 2022; Jasour et al. 2022). However,
fragmented action plans are produced after the event, and
losses occur. Therefore, long-term predictions and planning
decisions based on today’s climate indicators are very uto-
pian. In addition, while producing plan decisions, temporal
bioclimatic parameters lag behind criteria such as slope, land
cover, and ownership in terms of weight. Many studies have
emphasized that bioclimatic comfort is a crucial prerequisite
for livable environments, considering the effects of thermal
comfort and microclimate (Mansuroglu et al. 2021; Dogan
et al. 2022).

Climate-resilient city scenarios and the flexibility
required by decisions to deal with uncertainties and
possibilities are gaining academic and political significance
in the fight against climate risk. Many researches are
carried out with administrative and economic dimensions
to determine the vulnerability levels of cities and to provide
resilience (Berke et al. 2021; Giri et al. 2021; He et al. 2021;
Yang et al. 2021). Research that emphasizes vulnerability
and demonstrates the need for pre-hazard measures is
widespread. Current studies on measuring vulnerability
levels also draw attention to the subject. However, studies
focusing on a geography that transforms and changes with
the effect of dynamic parameters in the temporal process are
limited. Today, by superimposing these dynamic processes,
perceiving and interpreting a complex problem above human
intelligence through machine learning based on algorithms
is possible. Evaluating these opportunities in spatial analysis
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based on probabilities is significant for decision authorities
(Feizizadeh et al. 2021; Islam et al. 2021).

This study examines the comprehensive planning
approach currently being implemented in Turkish legislation
from the perspective of resilience to climate change. While
making spatial decisions to produce cities resistant to
climate change, forecast maps are produced according to
climate change scenarios based on the need for people to feel
bioclimatically comfortable in changing climatic conditions.
The Western Mediterranean basin, one of the country’s
southernmost regions, was chosen as the research material.

The research questions that will enable to focus on the
main objectives of this study have been determined as
follows:

RQ;: How will the climate crisis affect high-risk geogra-
phies in terms of bioclimatic comfort in hot climate regions?

RQ,: What are the guiding ideas that spatial models of
climate risk provide for planning at the scale of a fragile
watershed?

Data and methods
Conceptual framework

Urban resilience is often defined as the readiness of urban
systems to survive the dangers of sudden emergencies
(Dastjerdi et al. 2021; Huang et al. 2021; Wardekker 2021).
The fifth assessment report of the Intergovernmental Panel
on Climate Change (IPCC 2014) defines the concept of
resilience as “sustaining the capacity of social, economic
and environmental systems to cope with a dangerous event
or trend or disturbance while maintaining their essential
functions, identities, and structures,” while at the same
time adapting is defined as “the capacity to respond or
rearrange appropriately.” Shocks may occur unexpectedly,
such as terrorism, disasters, economic depressions, and
significant accidents (Botha et al. 2021; Chen and Chang
2021). In addition, a danger that can affect the world is
the risk brought by climate change. According to Simpson
et al. (2021), we live in a highly networked world where,
like the risks themselves, multiple drivers of climate change
risk interact. The climate crisis is a threat that urban areas,
where more than half of the world’s population lives, must
gain resilience. Urban and regional economies need to be
prepared for the devastation and costs of the climate crisis.

The concept of urban resilience is examined in 4 groups:
ecological resilience, resilience to hazards and disaster risks,
economic resilience, and resilience produced through gov-
ernance and institutions. Climate change has recently been
recognized as a new source of risk for the financial system
(Battiston et al. 2021). It is emphasized that green policies
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are urgently needed against these developments that shake
both the real economy and the financial system (Lamperti
et al. 2021). On the other hand, Kim and Lim (2016) focus
on sociopolitical, ecological, and engineering resilience in
their research on resilience and adaptation to climate change.
However, in today’s cities, where urban complexity has inten-
sified over time, it will be necessary to diversify resilience
levels in the context of planning.

Modeling methodology

The modeling process consists of five primary stages. After
the research design was made depending on the theoreti-
cal foundations, the parameters used in the modeling were
defined, and the data set related to the research area was
created. In light of these data, the changes according to the
scenarios were determined using the Discomfort Index (DI)
and Effective Temperature Taking Wind Velocity (ETv)
indexes to model the change in bioclimatic comfort zones.
The simulations obtained after the future predictions were
made were evaluated in terms of planning theory (Fig. 1).

Materials of modeling

The research material is from the Western Mediterranean
basin on the Mediterranean coast, located southwest of the
country. The research area covers a very rich geography
in terms of land cover, covering five sub-basins. The
Mediterranean, where temperatures increase 20% faster
than the global average, is stated as the fastest-warming and
saltiest sea on our planet. The new report of WWF (World
Wildlife Fund) and the “Effects of Climate Change in the
Mediterranean” reveals this increase’s concrete and grave
consequences across the basin. By 2100, it is estimated that
the sea level will rise by more than 1 m, and one-third of
the region’s population will be affected. The Mediterranean
basin, the area where the effects of climate change will
be experienced most severely, is currently considered
vulnerable to desertification.

It is thought that these developments, which are very dif-
ficult to control in the region according to climate change
scenarios, will result in global human migrations. The area
represents a highly fragile region with changes such as less
precipitation compared to the past, increased floods and
overflows due to shorter and more severe precipitation, heat
waves, drought, and forest fires accordingly. For example,
forest fires are seen as one of the most severe problems
affecting the countries in the Mediterranean climate region,
and the importance of the issue is reflected in fire risk maps
(Teodoro and Duarte 2013). Despite these risks, the Western
Mediterranean basin is in a position that includes the most
attractive touristic places in the country, such as Bodrum,
Marmaris, Dalaman, and Fethiye (Fig. 2).
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Data preparation and scenario design

Global data sets within the scope of the Combined
Model Intercomparison Project Phase 6 (CMIP6),
which is being prepared by the World Climate Research
Program (WCRP), are updated by the IPCC in light
of new developments and used together with climate
scenarios. The climate data was obtained from the
measurements made between 2000 and 2020 by the 24
meteorology stations. The data obtained were obtained
from the General Directorate of Meteorology. Future
bioclimatic comfort maps were obtained by applying
bioclimatic comfort index formulas to the maps created
by this method. Data on high-resolution climate
projections were obtained from the National Lawrence
Livermore Department of Energy (Lawrence Livermore
National Laboratory) data system. The scenarios of the
CNRM-CM6-1 climate change model were selected.
SSPs 245 and SSPs 585 scenarios were downloaded in
NetCDF file format. The “Inverse Distance Weighted
(IDW)” analysis was used to map the climate data using
ArcMap 10.8. The basic equation of the Inverse Distance
Weighted (IDW) is as follows (Eq. (1)):

Effective Temperature

Discomfort Index Taking Wind Velocity
MODERATELY
COLD COLD
-1.7t012.9 10t012.9
COOL
13t014.9

COMFORTABLI
15t019.9

MILD
19to21.9

HOT
20t0 26.4

COMFORTABLE
221024.9

WARM
2510 27.9

Fig.3 Meanings of indexes according to values
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Z?=1 Z(xi ) dy
Y dy

The location X, where the estimations are made is a function
of neighbor measurements n [z(X,;) and i=1,2,...,n]; r is
the exponent determining the assigned range of each of the
observations, and d is the distance separating the observation
location X; from the prediction location X,. The larger the
exponent, the less the assigned weight of observations far from
the forecast location. An increase in the exponent means that
the estimates are very similar to the closest observations. The
mathematical formulas are as described above, and climate maps
are produced from calculations made using the ArcGIS software
program. Then, bioclimatic comfort maps were obtained by
applying two different bioclimatic comfort index formulas to
the climate maps of each scenario.

z(x,) = (1)

Indexes for classification of bioclimatic comfort
zones

There are many evaluation indices developed for the
classification of bioclimatic comfort zones. Some of them
are Thom’s discomfort index (DI) (1959), temperature
humidity index (THI) (Emmanuel 2005), relative strain
index (RSI) (Lee 1965), standard effective temperature index
(SET) (Gagge 1971), physiologically equivalent temperature
(PET) (Mayer and Hoppe 1987), and ETv (Suping et al.
1992). The first of the indexes applied in the study is DI,
and it is formulated as follows (Eq. (2)):

DI = T — (0.55 — 0.0055 X RH) x (T — 14.5) )

where 7 is the monthly average temperature (°C) and RH is
the relative humidity (%).
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According to the intervals of the index values, the
feeling of thermal comfort is interpreted according
to specific intervals. This classification ranges from
extremely cold to extremely hot. DI has ten primary
classifications. Three are warmer than comfortable, and
six are cold in Fig. 3.

The second index used in the study is ETv. According
to this index, comfort zones are based on the formula in
Eq. (3):

ETv =37 — (37— T)/[0.68 — 0.0014RH + 1/(1.76 + 1.4v0.75)]

—0.297(1 — RH/100) 3
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where T is the dry bulb temperature (°C), RH is the relative
humidity (%), and v is the wind speed (m/s).

ETv comfort classification includes thermal sensation and
degree of physiological stress interpretations. There are ther-
mal sensation values in the very cold-very hot range. In terms
of physiological stress, it has extreme cold stress and ther-
moregulatory failure classifications.

The changes in the predicted climate parameters according
to the SSP 245 and SSP 585 scenarios of the CNRM-CM6-1
model and the comfort intervals obtained in the ID and ETv
indexes depending on the scenarios were modeled for the basin.
The values obtained for the determined indexes were interpreted.
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Fig.6 Wind change risk of climate change

Results and discussion
Changes in climate parameters

The change in the spatial distribution of temperature in the fore-
casts produced depending on the determined scenarios is quite
striking. Today, the range between 10 and 20 °C constitutes the
general area. According to the most significant values, 18% are
in the range of 10-12 °C, 19% in the range of 12-14 °C, 13%
in the range of 14-16 °C, and 17% in the range of 18-20 °C.
According to SSP 245, areas between 18 and 20 °C will reach
26% in 2040, and areas above 20 °C will have an area of 6%.
According to this scenario, 20-22 °C surfaces will increase to
28% in 2100, and areas between 22 and 24 °C, which do not
exist today, will constitute 3% of the basin (Fig. 4).

The fluctuations in humidity values are striking in the maps
produced according to SSP 245 and SSP 585. Today, 37% of
the area is at a 62-64% humidity level, and these values are
dominant in the area. According to SSP 245, in 2100, 58% of
the area will be comprised of 60-62% areas. According to SSP
585, areas in this range will account for 31%, while 50-52%
of areas that do not exist today will account for 3%, 52-54%
areas 7%, 54-56% areas 11%, and 56-58% areas 28% (Fig. 5).

The irregularity in the spatiotemporal distribution of wind
speed is quite evident. Today, 75% of the area receives winds
at a speed of 0.5—1 m/s~". Areas with 1—1.5 wind speeds cover
an area of 22%. According to SSP 585, while there is no area
in the range of 1-1.5 in 2040, it is predicted that 56% of the
area will be exposed to this wind in 2060. This wind behavior
is predicted as a harbinger of extreme events (Fig. 6).
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Predictions via Dl and ETv indexes

The DI classification categorized the basin as cold, cool,
comfortable, and hot. Today, 43% of the basin is comfort-
able, 19% is cool, 38% is cold, and there is no hot area.
According to SSP 245, by 2100, 9% of the area will be
cold, 19% will be cool, and 59% will be comfortable. In
addition, 13% of the surface area will turn into hot areas.
SSP585 states this rate is 41%, and cold and cool areas will
decrease to 7%. The DI index predicts all touristic coastal
areas in the basin as hot (Fig. 7).

While DI bioclimatic areas examined the basin in four
classes, the ETv index determined ten ranges. Today, 1%
of the area is cold, 12% is moderately cold, 37% is quite
cool, and 35% is slightly cool. According to SSP 245, the

area is dominated by slightly cool areas (38%). Also, warm
(2%) and quite hot (1%) users will start to appear. Mild
(43%) and comfortable areas (26) will occupy a large area,
according to SSP 585. It will show the same feature as SSP
245, while quite hot areas will create an area of 1%, while
warm areas will increase to 7%. The ETv index predicts
Bodrum and Marmaris settlements, which have high tour-
ism potential in the basin, as warm and quite hot (Fig. 8).

Implications for planning theory

Climate change is uncertain, unpredictable, and destructive;
impactful transformation demands accepting the uncertainty
and its unpredictability (Nightingale et al. 2022). The Paris
Agreement defines targets to limit the increase in global
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average temperature to 1.5 °C (UNFCCC 2022). The increase
in temperature values in terms of time indicates drought in
specific geographies (Dikici 2022; Kamruzzaman et al. 2022;
Tran et al. 2023). However, the fluctuating course of humidity
and wind parameters gives signals of unexpected events (Li
et al. 2022; Qiao et al. 2022). The cities of the future cannot
adhere to the theories produced in the cities of the twentieth
century (Nieuwenhuijsen 2021). More severe changes and
transformations are inevitable in today’s cities, where endless
stakeholders and representatives interact and create unexpected
situations (Krzeminska et al. 2022). Informatics, software,
and mathematics-based models, which we have started to use
widely, allow us to understand relational behaviors based on
scenarios and produce predictions (Badwi et al. 2022). The
models reveal that the settlements suitable for bioclimatic

conditions today and that receive intense migration will need
cooling systems in the future and will threaten many health
problems, especially circulatory and respiratory systems, in
risky groups in specific periods (Bedair et al. 2023). With the
heat island effect, urban areas have higher temperatures than
rural areas, increasing the need for intervention (Wang et al.
2019). Future conditions refer to the energy required to bring
the environment’s temperature to comfortable ranges (Li et al.
2019). Therefore, depending on the increase in temperature
due to climate change, there will be oscillations that will trig-
ger the change again. The way to prevent this is to consider
suitable areas in terms of comfort while choosing the location
of urban developments and investments (Isinkaralar 2023).
Three main breaking points form the basis of cities. The
first of these is the settlement of societies. As we understand
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it now, cities began to form after the industrial revolution
(Mobaraki and Oktay Vehbi 2022; Zhang et al. 2022). On
the other hand, the technological and information revolution
brought by our age initiates a period in which changes are/
will be experienced more rapidly. Therefore, criteria such as
transportation, market, and raw materials, which are defined
by traditional site selection theories and constitute the basis
of planning, are differentiated in today’s cities with the
decrease in spatial dependency with developments such as
e-commerce (Liu et al. 2022; Isinkaralar and Varol 2023).
Reducing the population density in urban centers is pos-
sible with remote working conditions in an order in which
the rural-urban distinction is eliminated. It is impossible to
ignore urban social life and publicity. However, it is a fun-
damental deficiency that comfort areas are not included in
the analysis of suitability for settlement in buildings where
urban growth continues.

Actions on urban activities responsible for anthropic
activity and greenhouse gases are urgent (Allam et al. 2022;
Marino et al. 2023). At the forefront of these is the develop-
ment of sustainable transportation infrastructure and systems
free from fossil fuels. Solutions produced individually by
integrating alternative energy sources into sustainable build-
ing technologies can provide a reduction in the whole. To

Table 1 Climate risk in its most fundamental dimensions

reduce the urban heat island effect, it can be expanded with
blue-green areas with high albedo values from the upper
scale to the local level. In this context, the urban green space
setup should choose a place with comprehensive analytical
analysis. A network structure is needed for sustainable inter-
action between the physical structure, society, and decision
authorities. A resilient city to climate risk must be based on
a resilient social structure (Yabe et al. 2022). International
funding support should be provided to combat devastating
dangers, especially in low- and middle-income countries.
Investment and employment management in areas prone to
risk should be directed to low-risk areas. Mixed-use plan-
ning, which offers diversity and addresses different lifestyles
by contributing to the development of a sense of community
and belonging, can be evaluated within the scope of disaster
management. Climate risks are summarized in Table 1.

Conclusions and research gaps

Models produced with a holistic approach at the basin
scale emphasize the future spatial threats the climate cri-
sis will bring. Planning for adaptation to climate change
should strengthen the link between science and society

Managerial and ownership dimension Climate risk may require people to migrate from their settled areas. In this respect, there is a need
for intervention forms that will reduce the exposure rate. However, while making decisions, the
administrative jurisdictions overlap. The country has its chiefs at the provincial borders. However,
the management of the basin borders and regional borders is carried out centrally. Therefore, there is
a need for an official channel in the basins in terms of coordination. Possible human movements can
create a discussion area on public/private property and in new development areas

Health and productivity dimension

The increase in temperature values is pronounced. Although there is a fluctuating course in humidity

values, a climate prone to drought and up-and-down movements in the wind indicator can trigger

physical and mental diseases. While exposure affects the daily activities of individuals and households,
failure to take necessary precautions requires investigation of physiological and psychological factors.
The optimum level of bioclimatic parameters is a basic need for individuals to feel energetic and
healthy and not experience thermal stress. In terms of working efficiency and happiness, people try to
bring them to appropriate values. However, the dominance of external factors is a possible threat in
terms of health and productivity. Deprived of opportunities and with low entitlements, households may
need operational and economic support. Since the vulnerability of risky or disadvantaged groups in
terms of health is high, resilience can only be achieved by reducing the exposure level

Cost and financial dimension The provision of public services, especially the necessary equipment support in the event of a disaster,
and the instruments required to reconstruct the areas are financially essential threats. Natural disasters
are sensitive to political and economic approaches. Therefore, the economic vulnerability of the poor
citizens of underdeveloped countries is high in the process

Density dimension In terms of density, the element that should be dealt with as a priority is human and living life. Planning
is a fundamental tool for reducing the intensity of triggering factors (vehicle density, building density,
etc.) in the context of reducing the risk of climate change. The spatial location selection of the
population affected by the risk should be discussed comprehensively

Quality dimension The quality dimension should be evaluated in terms of spatiality and quality of life. While the expected
risks pose a threat to the quality of the space, the quality of urban life is affected by bioclimatic
comfort. Fair and equitable city planning protects society from exposure to risks and harm by setting
goals from the abovementioned essential perspectives. However, since urban planning is a multi-
stakeholder discipline with representatives at different levels, teamwork with the principles of reducing

vulnerability in the climate crisis may be appropriate
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and deal with risks by analyzing the temporal processes
of the dynamics that create complexity. However, it is not
an appropriate approach to accept the process and defend
against threats without producing strategies for mitiga-
tion. The planning theory must evolve according to cur-
rent conditions as the world order, cities, and lifestyles
change. Critical decision-makers and urban planners man-
age natural disasters in terms of climate risk and need
to be equipped to restore the city or region to its former
balance. The necessity of a flexible paradigm comes to
the fore in the comprehensive long-term plans currently
being implemented.

The data for this research consists of station sources.
More research needs to be done with alternative data
generation methods. In addition, local-specific evaluations
can be developed by enriching the determined indexes
with local data. Indeed, this research is limited to selected
methods. In Tiirkiye, basin-scale studies are limited, and
administrative and basin boundaries do not coincide in
administrative decisions. New determinations can be reached
by evaluating the produced models with other basin-based
data in different areas.
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